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RED MILLER JR., P-1 04,969, a young, well-developed Quarter Horse stallion. Note
heavy muscling in forearm, gaskin, and chest. When measured at 18 months of age,
this horse had already developed the largest circumference of forearm (26 inches) of
any horse measured in the study, regardless of age.
A Study of Growth and Development
In the Quarter Horse
RiRBY Cunningham and Stewart H. Fowler
Introduction
Probably no breed of animal has gained such
widespread popularity
in so short a period of time as the
American Quarter Horse. In the
short period of twenty years, the Quarter
Horse, as a breed, has devel-
oped to the point where, today, its registry
is growmg more than three
times as fast as any other horse breed
registry in the world.
Named for its remarkable speed in short-spurt racing,
particularly
the quarter mile, the Quarter Horse had its
beginning in animals im-
ported from England in 1620. These first mares
were crossed with stal-
lions selected from Arab, Barb, and Turk breeds
brought to North
America by Spanish explorers and traders. The cross produced
compact,
heavily-muscled horses which could run a short distance
faster than
those of any other breed. Subsequent infusion
of Thoroughbred blood,
coupled with a judicious selection program,
laid the foundation tor
today's modern Quarter Horse. _
The Quarter Horse's agility, intelligence, quiet disposition,
and re-
markable endurance, together with its inherent ''cow
sense," have made
this breed ideal for ranch work, rodeo
performance, and short track
racing. These qualities have earned the Quarter Horse
a lasting role on
the cattle ranch-a role not to be replaced by jeeps or
helicopters.
Despite the widespread acceptance of the Quarter
Horse, very itt e
is known about its normal growth and development. A review of available
literature revealed a decided lack of such information
for light horses
of any breed. Knowledge about normal development
would be useful
for a variety of purposes. It would provide a basis for
comparisons among
breeding groups and nutritional regimes. It would also
serve as a ref-
erence point from which to evaluate performance and
from which to
establish breeding and management objectives.
The purpose of this bulletin is to present data on growth and develop-
ment of the Quarter Horse under normal conditions. It is
hoped that this
information may serve as the basis for further much-needed research
in
horse nutrition, breeding, and management. The study might also be
of
value in establishing specific and permanent conformation
standards for
the American Quarter Horse.
Review of Literature
A review of available literature revealed a shortage of data on growth
and development in horses. Limited early work was confined to draf
j
horses, leaving a definite need for information concerning light breeds.
In a study of 297 light horses, Dawson et aL (1945) found norma
growth from birth to 18 months of age under a management system ir
which the horses were adequately fed. When maintained principally or
range pasture thereafter, the animals matured at a somewhat smaller sizej
than would be expected from a higher plane of nutrition. Significant dif
ferences in both height and weight were found between breed groups,
studied. Males tended to be larger than females and appeared to maturej
more slowly. These differences in sex increased with age up to five years.l
Weight was affected more than height by adverse conditions. Yearly]
variations in growth were significant but not consistent in the various
breeds.
Trowbridge and Chittenden (1932) reported that skeletal growth of
draft colts fed limited grain ration was not noticeably less than that of
colts fed more liberally. Periodic weights and measurements showed that
50 to 60 per cent of the total increase in weight occurred during the first
year of the colt's life. Approximately 65 to 70 per cent of the total in-
crease in depth and circumference of chest, width at hip points, and size
of fetlocks and coronets occurred during the first year. Furthermore, as
much as 90 per cent of the total increase occurred in some important
dimensions by the end of the colt's first year. During the fourth and
fifth years, only slight development was made by any of the colts. The
measurements showed a gradual slowing up of the growth process as
age increased.
Brody (1927) reported that height at withers in draft horses was
the first physical trait to reach maturity. This was followed by circum-
ference of chest and weight.
Crampton (1923b), from a study on 409 American-bred draft colts,
established the following growth-weight relationship: One year of age,
50 per cent of mature weight; two years of age, 75 per cent; three years,
90 per cent; and between four and five years, mature weight. This agrees
with the work of Trowbridge and Chittenden (1932) . A period of very
rapid growth followed by a slower one seemed to be the tendency for the
first three years. These variations were most marked during the first
year of the colt's life. They tended to follow the seasons of the year very
closely. Environmental conditions, together with the lessening of normal
inherent growth tendency as age advanced, produced these periods of
relatively slower growth.
In a second study, Crampton (1923a) stated: "Experience has shown
that mares of a certain size mated to a jack of a given weight produce
on the average a certain class of mule, which class is determined very
rigidly by weight and height." He found that a draft colt's mature weight,
at about four to five years of age, depends on many factors. Among the
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most important are: (1) the inherited tendency to be big, and (2)
proper care, feed, and management to develop this inherent tendency
to the limit. Experimental evidence indicates that growth is controlled
by inheritance. From a study of about 2,000 draft horses, ranging in age
from birth to 26 years, Crampton (1923a) found that colts that were
well fed from birth gained little-except in fat-after four years of age.
Nye (1948) presented tentative ideal Quarter stallion measurements
as set up by the American Quarter Horse Association. These measure-
ments expressed in inches were:
Head and Neck
1. Poll to nostril
2. Between eyes
3. Around nose
4. Around head at eye ....
5. Throat latch
6. Poll to wither
7. Length of ears
8. Width between ears ....
Torso
9. Wither to loin (last rib)
10. Loin to tailhead
11. Around chest
12. Around heart girth
13. Around flank
14. Around barrel
15. Hip to hock . .
Fore Leg
16. Around arm
17. Elbow to knee




22. Knees to ankle
23. Ankle to hoof
24. Around hoof at hair line
Rear Leg
25. Around gaskin





31. Hock to ankle
32. Ankle to hoof
Experimental Procedure
This study was conducted to provide detailed data on growth and
development in the Quarter Horse. It was initiated on March 18, 1960, at


































Since large numbers of Quarter Horses were required for tfiis study
the cooperation of breeders throughout the state was enlisted to increase
the limited number which could be supplied by the Quarter Horse Unii
at Louisiana State University. Periodic trips were made to the farms oi
these breeders to secure measurements and photographs of their Quartei
Horses.
The study was designed to investigate the growth of the Quarter Horse
at specific periods in development, thus establishing a growth curve foi
the animal with special emphasis on certain body characteristics relating
to type. The intervals studied were: birth, 3 months, 6 months, 12
months, 18 months, 24 months, 36 months, 48 months, and 60 months.
Animals were measured at these intervals according to their age.
The following measurements were taken and recorded in the units
designated:
1. Head measurements
a. Length of head (in.)
b. Width of head (cm.)
2. Neck measurements
a. Length of neck (in.)
b. Depth of neck (cm.)
3. Body measurements
a. Height at withers (cm.)
b. Length of body (in.)
c. Width of chest (cm.)
d. Width of quarters (cm.)
e. Circumference of heart girth (in.)
f. Depth of foreflank (cm.)
g. Depth of hindflank (cm.)
4. Feet and leg measurements
a. Circumference of forearm muscle (in.)
b. Foreleg length (elbow to ground) (cm.)
c. Foreleg length (knee to ground) (cm.)
d. Hind leg length (hock to ground) (cm.)
e. Circumference of cannon bone (in.)
f. Width of cannon bone (mm.)
g. Depth of cannon bone (mm.)
h. Circumference of hoof head (in.)
5. Condition score (numerical score)
6. Withers rating (numerical score)
7. Weight (lbs.)
Descriptions of measurements taken are as follows:
1. Length of head—the distance from the center of the poll to a
line horizontally bisecting the nostrils, as measured with a steel tape.
2. Width of head—the horizontal distance across the widest point of
the head (at the eyes) , as measured with a steel caliper.
3. Length of neck—the distance from the anterior top of the withers
to the center of the poll, at normal head carriage, as measured with a
steel tape.
4. Depth of neck—the depth through the shoulderbed, as measured
with a steel caliper.
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5. Height at withers-the vertical distance from the ground to the
top of the withers, as measured with a steel caliper.
6. Length of body-the distance from the point of shoulder to a
straight edge held flush across the point of the buttocks.
7. Width of chest-the horizontal distance across the widest point of
the shoulders, as measured with a steel caliper.
8. Width of quarters-the horizontal distance across the widest point
of the quarters, as measured with a steel caliper.
9. Circumference of the heart girth-the distance along a steel tape
drawn snugly around the body just behind the forelegs and at the base
of the withers.
10. Depth of foreflank-the vertical distance from the chest floor
just
behind the forelegs to the top of the withers, as measured with a steel
caliper.
11. Depth of hindflank-the vertical distance from the flank just for-
ward of the stifle to the top of the back, as measured with a steel caliper.
12. Circumference of forearm muscle-the distance along a steel tape
drawn snugly around the forearm muscle at the elbow.
13. Foreleg length (elbow to ground) -the vertical distance from
the
ground to the elbow, as measured with a steel caliper.
14. Foreleg length {knee to ground) -the vertical distance from the
ground to the approximate mid-point of the knee joint on the anterior
of the forelimb, as measured with a steel caliper.
15. Hind leg length {hock to ground) -the vertical distance from
the ground to the point of the hock, as measured with a steel caliper.
16. Circumference of cannon bone-the distance along a steel
tape
drawn snugly around the cannon bone midway between the knee and
the fetlock joint.
17. Width of cannon bone—the horizontal distance across the
cannon
bone midway between the knee and the fetlock joint, as measured with
a vernier caliper.
18. Depth of cannon bone-the horizontal distance from the
anterior
to the posterior edge of the cannon bone midway between the knee
and
the fetlock joint, as measured with a vernier caliper.
19. Circumference of hoof head-the distance along a steel tape
drawn
snugly around the coronet of the hoof.
20. Condition 5Cor^-subjective appraisal of the animal
with a score
assigned according to the following scale: (1) thin, (2)
moderate flesh,
and (3) fat.
21. Withers rating-suh]ecti\e appraisal of the animal with
a score
assigned according to the following scale: (1) flat mutton withers,
(2) moderately flat, (3) moderately sharp, and (4)
sharp (Fig. 1) .
22. Weight-weight as determined by a single weighing to the closest
pound.
At the termination of the study, all metric units were converted
to
inches, or fractions thereof, for clarity and uniformity.
i
WITHERS RATING SCORES
SCORE 1 SCORE 2
SCORE 3 SCORE 4
1
FIGURE 1.-Scores used to define withers of animals included in the study. These
scores are defined as follows: Score 1-flat, mutton-type withers; Score 2-moderately
flat; Score 3-moderately sharp; Score 4-sharp.
At the time measurements were made on LSU horses, photographs
were taken to measure growth and body change visually. The horses were
photographed behind a standard grid of squares measuring 8 inches x 8
inches. All photographs were taken at a distance of 16 feet. In this man-
ner it was easy to determine visible body changes and developmental








FIGURE 2.-Sequence of photo-
graphs taken of a Quarter Horse be-
hind a standard photographic grid
showing development from birth to







Size attained at any given age is the result of the
combined effect
of all factors that determine development of an individual.
The pattern
of growth is described bv the size attained at various
times m the life
span of the animal. Such growth data become valuable to those
interested
in comparing individuals or groups of individuals.
Environment, plane of nutrition, inherent growth potential,
sex,
type, and chance variation are important when measurements or
weights
of individual animals are compared at the same age or stage of
develop-
ment. In addition, the relative effects of inbreeding,
linebreedmg, or
outcrossing may be important. Any interactions of hereditv and environ-
ment should also be considered. Over long periods of time,
general
changes or improvements in management practices and the results
of











































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































To propose a growth standard or growth curve for Quarter Horses
under "normal" conditions, the assumption is made that the above
mentioned factors are typical of all Quarter Horses. However, the number
of factors affecting growth, the difficulty in measuring their effect, and
the fact that many of the factors cannot be directly controlled limit the
accuracy of such an assumption. Therefore, the usefulness and value of
growth data as presented in this bulletin will depend on the similarity
between the conditions under which the animals used in this study were
being raised and the conditions under which data for comparisons are
taken.
Average Weights and Body Measurements
Average weights and body measurements of Quarter Horse males at|
various ages from birth to maturity appear in Table I. Those for Quarter
Horse females comprise Table II.
The mean of average weights and measurements of age groups that
showed variation after maturity had apparently been reached was taken
as the mature size in both males and females. Because of fewer numbers
in the older male age groups, less value should be placed on those average
weights and measurements.
Birth 12 18 24 30 36
Age (Months)
42 48 54 60
FIGURE 3.-Growth curve (weight) of Quarter Horse males and females from
birfh to maturity.
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Mature average size in males was larger than in females tor all meas-
urements except length of body, depth of foreflank, and depth of hind-
flank. These findings are in agreement with those of Dawson et al. (1945)
with light horses. In length of head, the average mature measurement
was 23.3 inches for both sexes. In general conformation, both males and
females tended to grow uniformly to 18 months of age. At that point,
however, the rate of growth in males relative to females gradually in-
creased to five ^ears of age. Growth cur\es (^veight) for both sexes are
found in Figure 3.
The greatest difference between mares and stallions in average ma-
ture measurements was in circumference of the forearm muscle. Mature
mares average 21.1 inches while stallions averaged 24.1 inches.
Most mature Quarter stallion measurements varied considerablv from
those designated as tentative ideal measurements bv the American Quar-
ter Horse Association in the 1940's (Xye, 1948) . These tentative stan-
dards have since been abandoned bv the Association.
Variability in Weights and Measurements
Since no t^vo animals are phenot\picallv identical, variabilitv among








Age—4 years ^\ eight— 1120 pounds




Age-12 years Weight-1285 pounds
FIGURE 5.-Typical Quarter Horse mare shown behind standard photographic grid.
used to measure differences among Quarter Horses included in this study.
This statistical measure, when added to or subtracted from the average
weight or measurement at a given age, defines the limits within which ap-
proximately two-thirds of a given population of horses-comparable to
horses included in this study—would fall.
The standard deviation for weight and most body measurements tend-
ed to increase from birth to maturity in both sexes. The larger size of
the older animals probably contributed heavily to these greater differ-
ences among the more mature animals.
To compare the variability among anim.als at different ages, the coef-
ficient of variation was computed for each measurement at every age
studied. The coefficient of variation is the standard deviation of a meas-
urem.ent at a particular age expressed as a percentage of the average
measurement calculated at that age. This statistical measure indicated
that as Quarter Horses approach maturity they become relatively more
uniform in size. Only depth of neck and width of chest in males and depth
of foreflank in females showed a tendency toward m.ore variation at older
ages.
The trend toward increased uniformity with approaching maturity
was particularly pronounced in the case of weight for both males and
16
females. For males, the standard deviation of 1 1
pounds at birth repre-
sents 10 8 per cent oi the average weight.
In comparison, the standard
deviation of 80 pounds at five years of age is only 6.7
per cent of the
average weight. Females had a standard deviation of 14
pounds at birth,
which repixsen:s 14.4 per cent of the average weight,
whereas the stan-
dard deviaiioa of 120 pounds at five years of age
represents 10.2 per cent
of the average weight. This trend was much less obvious
for body
measurements. This may be due partially to variation in condition
and/or to the degree of maturity in a particular measurement
at a given
age. ,
The coefficient of variation was also useful in comparing the relative
variability of the different body measurements and weight.
Weight ap-
peared to be more variable than any of the body measurements.
This
would indicate less variability among measurements that are
influenced
most by skeletal development. Those measurements possessing
the least
amount of variability were length of head and height at withers m both
sexes.
Rate of Development of Various Parts of the Body
Knowledge of the rate at which various parts of the
body develop is
important for two main reasons. First, it aids in
evaluating an animal
as to conformation or type by placing relative
values on various regions
of the body with respect to expected percentage
of mature size present
at a 2iven age. Secondly, it serves as an index
to proper feeding and
management by pointing out critical periods in growth and
development.
The percentages of mature size attained by Quarter Horse
males and fe-
males at various ages appear in Table III and Table IV,
respectively.
In general, females approached maturity at a slightly
faster rate than
males. Linear growth increased faster than width
growth in both males
and females. This could explain why adverse conditions m later periods
of growth seem to exert little influence on linear growth.
It also empha-
sizes the importance of proper feeding and management
during the early
stages of development.
Heioht at withers and length of body were two of the earliest
matur-
ing linear measurements lor males, while in females
they matured at
about the same time as width measurements. Brody (1927)
obtained
similar results with draft horses. The present study revealed that
about
40 per cent of withers height in horses is present at
birth.
Body weight in both sexes was the measurement with the
smallest
per cent of mature size at birth and was one of the last measures
of growth
to reach maturity. Only 8 per cent of mature weight was present
at birth.
At the end of the first year of growth, about 60 per cent of
maturity m
weight had been obtained. This is in agreement with the
findings of












































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Maturity in weight for both sexes was attained at approximately
five years of age, with smaller increment changes per unit of time oc-
curring after 18 months of age.
Length of leg was the earliest maturing measurement studied. In both
sexes, about 71 per cent of length from elbow to ground and 82 per cent
of length from knee to ground were present at birth. Length from knee
to ground reached maturity at six months of age, while length from elbow
to ground reached maturity at 18 months of age. This indicates that the
greatest proportion of increase in length of leg after birth takes place
between the elbow and knee. From these findings, perhaps length of leg
might be slightly altered by proper feed and management from birth to
18 months of age.
Cannon bone circumference, width, and depth were found to be
about 59 per cent mature at birth. Maximum bone growth appeared
to be attained between 18 and 24 months of age in both males and
females. This emphasizes the importance of supplying adequate amounts
of essential vitamins and minerals during the early stages of develop-
ment-specifically from birth to 24 months of age.
Contrasting development was found between males and females in
circumference of forearm muscle. Females appeared to reach maturity
in that measurement at about 18 months, while in males mature size of
forearm was not attained until almost five years of age. These data
support the statement that females are generally faster maturing than
males and suggest that size of forearm may be influenced by increased
physical activity, which is generally characteristic of stallions.
Withers rating generally increased with age at a uniform rate. Ma-
ture accent of withers was reached at about five years of age in both
stallions and mares. This observation supports the findings discussed in
the following section pertaining to withers development.
Relationships Among Weights and Measurements
In order to study the relationships among body measurements, corre-
lations were calculated between each pair of measurements considering
age as a variable, and between each pair of measurements at the nine
ages defmed in this study. To conserve space, only the first set of corre-
lations are given. They appear in Table V.
Changes in most measurements were highly associated with changes
in most other measurements. The positive and significant nature of most
of the correlations is consistent with the fact that growth in one part of
the body is related to growth in other parts of the body. The magnitude
of these correlations indicates that from 35 to 80 per cent of the change
in a measurement was associated with changes in other measurements.
The correlations computed at the various ages studied (not shown)
substantially supported the figures in Table V although the magnitude
of these values was not generally as great.
20
Table V reveals that heart girth is the measurement most closely
associated with weight (r = 0.96) . This relationship tends to validate the
use of this measurement to estimate weight. About 92 per cent of the
differences in weight were associated with differences in the circum-
ference of heart girth. The magnitude of the correlations between weight
and the other measurements indicates that their use alone as indicators
of weight is probably only slightly better than a visual estimate.
Heart girth was highly associated with depth of foreflank (r = 0.93)
,
height at withers (r =: 0.97) , length of body (r = 0.95) , width of chest
(r = 0.92) , and width of quarters (r = 0.95) . This is significant in that
a deep, full heart girth is an indication of strong constitution, which is
especially important in horses.
Length of head appeared to be most closely associated with height
at withers (r = 0.96) , length of body (r == 0.94) , weight (r = 0.93)
and heart girth (r = 0.96) .
In general, width of head in relation to length was closely associated
with shortness and thickness of cannon bone, and with shortness, thick-
ness, and heavy weight in relation to height of the animal as a whole.
Cannon bone circumference, on the other hand, was very highly corre-
lated with height at withers (r = 0.95)
.
The correlation between age and forearm muscle circumference was
considerably lower than most other relationships (r = 0.51) , indicating
that muscling is dependent to a large extent upon factors other than age.
Only 25 per cent of the change in size of forearm muscle was accounted
for by change in age.
The measurement most closely associated with forearm muscle cir-
cumference, which is probably the most easily measured indication of
muscling in the animal, was width of chest (r = 0.92) . This would sub-
stantiate many animal husbandmen's belief that as muscling in an animal
increases, it tends to force the legs out to the four corners of the body,
resulting in a broader, more square-cut animal. Forearm muscle circum-
ference was also highly associated with width of quarters (r = 0.87)
,
which gives further support to this theory.
Age was less associated with knee to ground (r = 0.22) and hock to
ground (r = 0.37) than with any other measurements (Table V) . Only
5 to 13 per cent of the change in cannon bone length, as measured by
knee to ground and hock to ground, was due to change in age. This
further indicates that a very high percentage of the length of leg is pres-
ent in Quarter Horses at birth. Knee to ground and hock to ground were
also less associated with all other measurements than most relationships
in the study.
Elbow to ground was not highly related to age as compared with
relationships between other measurements (r =: 0.60) , but it was highly
correlated with most other measurements. This further substantiates the
previous hypothesis that a very high percentage of any change in length




















































































































































































































A strong association appeared to exist between bone size and muscling *
The highly significant correlations between forearm muscle circumfer '
ence and cannon bone circumference (r = 0.87) , cannon bone width ^
(r = 0.82) , and cannon bone depth (r = 0.86) reveal this association
These relationships were stronger than those for many other measure '
ments in the study. '
There was a highly significant correlation between circumference ol '
hoofhead and all other measurements except knee to ground. The magni '
tude of these correlations was very high except in relation to withers rat '
ing, hock to ground, and knee to ground. In general, this indicates thai '
circumference of hoofhead is proportional to the size and scale of a given
animal.
Condition score was not related to any of the measurements. Thus,
the degree of finish apparently had little or no effect on other measure-
ments.
Withers rating was negatively associated with condition score (r =:
—0.18) but highly correlated with age (r — 0.73) (Table V). This
points out that withers development is largely determined by the age and
condition of the animal. Thin animals have less fat deposited in the area
of the withers, making them more pronounced. As a horse develops in
maturity, and is ridden more frequently, muscle development in the
area of the withers probably replaces fat. Also, as a horse grows consider-
ably older, an atrophy of the muscles in the withers area occurs, thus
accenting withers development. Conceivably, length of spinal processes
in the thoracic area, specifically the 4th-13th thoracic vertebrae, might
have some effect on the variation in withers accentuation at birth.
\
A side study was conducted during the course of this experiment to
determine the extent of relationship between the weight of a mare and
the birth weight of her foal. Data were collected on 13 mares foaling in
1960 and 1961 at the Louisiana State University Quarter Horse Unit and
on one outside mare. The correlation between weight of mare and birth
weight of foal was found to be 0.64, which is significant at the 0.01 level
of probability. This agrees with the findings of Crampton (1923a) for
draft horses.
Summary
Growth and development of 254 Quarter Horses was studied during
the period 1960-61 through analysis of weights and detailed body meas-
urements taken at specific ages from birth to five years of age.
Mature average size was larger in males than females for all measure-
ments except length of body, depth of foreflank, and depth of hindflank.
Both sexes tended to grow uniformly to 18 m.onths of age. At that point,
the rate of growth in males relative to females gradually increased to
five years of age.
Greatest average mature measurement difference between mares and
stallions was in circumference of forearm muscle. Most mature Quarter
24
stallion measurements varied considerably from those designated as ten-
tative ideal measurements by the American Quarter Horse Association in
the early 1940's.
There was a tendency for the standard deviation for ^veight and most
body measurements to increase from birth to maturity in both sexes. As
indicated by the coefficient of variation, Quarter Horses become relatively
more uniform in size as maturity is approached. 'Weight appeared to be
more variable than any of the body measiu'ements studied, indicating
less variability among measiu'ements influenced most by skeletal develop-
ment.
Generally, females approached maturity at a faster rate than males.
Linear growth increased faster and tended to mature earlier than thick-
ness growth. Height at ^vithers and length of body were two of the earliest
maturing linear measurements for males. In females, these two measiue-
ments matured at about the same time as width measurements.
I Body weight in both sexes represented the smallest percentage of
mature size at birth and ^vas one of the last measures of growth to reach
maturity.
Analysis of the data indicated that length of leg (elbow to ground)
was approximately 71 per cent mature at birth in both sexes. Length of
cannon bone as measured b}- knee to ground and hock to ground was
about 82 per cent mature at birth. Length from knee to ground appeared
to reach maturity at six months of age, ^vhile length from elbow to
ground increased until aboiU 18 months of age. Thus, the greatest in-
crease in length of leg after birth occurred bet^veen the elbow and
knee.
Females apparently reached maturity in circumference of forearm
muscle at about 18 months of age. In males, mature size of forearm muscle
was not attained until five years of age.
AVithers development became more acute ^vhh age, reaching matur-
ity at about five years of age in both stallions and mares.
Changes in most measurements were highly associated ^vith changes
in most other measurements. Heart girth appeared to be the measure-
ment most closely associated with ^vTight.
The correlation between age and forearm muscle circumference ^vas
considerably lower than most other relationships. Forearm muscle circum-
ference was highly related to width of chest.
Highly significant correlations betA\'een forearm muscle circumference
and cannon bone measurements indicated a strong association between
bone size and muscling in an animal.
^Vithers rating wrs negativeh correlated -with condition score but
highlv associated ^vith age, thus supporting the theory of some that
withers development—or accent— is largeh determined b}- the age and
condition of a given animal.
The experimental data also indicated a strong relationship between
weight of a mare and size of foal at birth.
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